‘UN C LASSIFIED

297 443

by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

~ UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formilated, furt /
supplied the said drawings, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




r.

L3 2-S

8P-107 L. 7. Alexander
J. D. Ford
B. T. Jensen
N. Jordan
N. 8. mr.
PROELEMS ENCOUNTERED IN DEVEI(PING AND
MAINTAINING A FIELD SYSTEM TRAINING PROGRAM

18 September 1959

SYSTEM DEVELOPMENT CORPORATION, SANTA MONICA CALIFORNIA

The views, conclusions, or recamendations expressed in this
document do not necessarily reflect the official views or
policies of the United States Alr Force.




Jee

These pspm vere presented st the 1955 Ansual
Meeting of the HRman Factors Society at the

- University of Califerais, Los Angeles.’



i1

"REQUIREMENTS FOR A FIELD SYBTEM TRAINING PROGRAM"

o~



1.

2.

b,

5

i

mg0.-oubuouiiooooioo 1

Requirements for a Field System Treinis
Lewrence T. Alexander

The Appropriate Contridution of Simulation Techniques )
to sntu num 0000..00'.0.0.00l.'.lo.'..tl..l.....o.l.!0.‘00'00 5
Miles 8. Rogers

Man-Machine Training Techniques - TORing, Feedback, ,
mmb?i‘giu S 0000080000068 8060000000000 00800800800988000 0000000000000 9
Nehemiah Jordan
Problems of Cobducting System Training in & Military Culture ....... 13
Barry T. Jensen

m Tl‘m Pl‘Obl“ “m‘ Sylt‘l 60000000000 CEBRIOIBRRRSICOEBRIISOEOLOY 17
John D. Ford, Jr.

LSS



In this symposium we would like to discuss some Of the experiences we have had
in installing and maintaining the System Training Program for the Aircraft Con-
trol and Warning Radar Net of the Air Defense Command. We believe that the hu-
man factors problems we have encounteréd in the five years since the training
program was first instelled are representative of those to be found in all sime
ilar systems.

Although all of the participants in this symposium have been involved primarily
with the research effort associated with the System Training Program, all of
us have had considerable experience in the field, "on the firing line" as it
were, applying the conceptual training model, conferring with military person-
nel, and adapting training aids and procedures to operstions problems as they
arise. Each of the speakers will discuss a different aspect of the problem of
system training. I will describe the Air Control and Warning net, the AC&W
system of the Air Defense Command, and discuss the iraining requirements of
such a system. Dr. Rogers will discuss simulation technology and training in-
puts. Dr. Jordan will talk ebout knowledge of results and how it is utilized.
Dr. Jensen will discuss the military cultural environment and its implications
for training. Dr. Ford will indicate how the principles eand techniques we have
learned may be applied to training man-machine systems of the future.

The ACAW system is a complex man-machine information processing system. Its
ultimate mission is to defend the United States against air attack. The goal
of the training program is to increase the proficiency of the human components
of the system in accamplishing this mission.

For those of you who may not be familiar with the system, let me tell you
briefly how it works by describing a typical element, the Direction Center.
The Direction Center receives information in many forms. Although its primary
input is radar data, it also receives flight plan information, weather infor-
mation, and intelligence information. It uses this information to identify
all eircraft vhich appear in the air space for which it is responsible. Iden-
tification 1s usually accomplished by comparing the position, speed, direc-
tion, and altitude of an aircraft, obtained from radar data, with similar in-
formation obtained from flight plen data. If it is not possible to correlate
flight plan and radar informstion, an interceptor eircraft is scrambled and
directed to the location of the unknown aircraft so that positive visusl iden-
tification may be made. In order to accomplish the air defense mission it is
necau.ry for a Direction Center to coopeuto with ad.jacont otltionl 'by pul-

formed or 1t| .ctiom.

The early version of the ACLW net was called the Manual Air Defense System bde-
cause all phages of its operations were cerried on primarily by humans. Be-
cause of the ever increasing density of air traffic over the continental United
States and because of the dsvelopment of new weapons systems which reduce the
amount of availadle varning time for defense, the ACYN net has been sutomated.
The present air defense system, SAGE, has at its core a high speed digital
camputer. In the present system the computer handles most of the routine data
processing functions. Humans monitor and assist the computer and make the more
important decisions regerding threat evaluation and tactical action.



The system which I have béen describing to you is a large scale, complex, in=
formation processing, man-machine system. It is large scale and complex in
the sense that it has a tesk which has meny dimensions. The task cannot be
performed by a single individual or by a single machine, but requires the co-
ordinated actions of many men and machines. The field within which the people
in the system operate is so large that no one of them or no group can have
access o or assimilate all the information which is available. In most cases
no individual can appreciate all the remifications of any action he may take.
Consequently, there must be fractionation 6f the decision-making processes and
some over-all supervision and coordination of the decisions made.

The commodity with which the system deals is information. The system operates
by coding, storing, decoding, and reorganizing information for many different
purposes. The essential pre-requisité for adequate system functioning is the
rapid, correct manipulation and transnission of information among the varidus
systen components.

What are the training needs for o complex, man-machine, information processing
system such as this? The first requirement is to develop component skills of
individual operators. The Air Training Command maintains schools in which
operators learn about air defense operating procedures, learn how the computer
works, and how to operate the varioua consoles and tolcphoni networks by which
they commnicate with the computer and with each other.

A second requirement is a period of on-the-job training at a SAGE Direction
Center in which the trainee begins to apply what he has learned in school and
begins to operate as an integral part of his crew. A third requirements is
system training and it is this latter requirement with which we are primerily
concerned here. .

System training seeks to develop the siills by which individual crev members
work together smoothly as an efficient team. It augments individuel component
skills by developing such interactive gkills as pacing, loed balancing, error
checking, and information filtering. It provides the opportunity for system
personnsl to practice togetbu- in dealing with rulhtic operational threat
limtm':

The computerized ny;m onviromnt introduces unique training problems t¢ .
those of us who have been concerned with the human factors requirements of sys-
tema. lat me state briefly vhat some of these problem arsas are. The speskers
who follow will discuss them in more detail.

L\ Yte. A system tralning exercise must ncccnpluh two purposes:
.m b, 1t mast provide the crew with the opportunity to experience and practice
defending qumt various kinds of potential air threat gituations; second, it
must impose load on the information processing and decision making opoutiom
of the system. The simulated air picture is one of the primary stimulus agen-
cies in a system training exercise for accomplishing thou purposes.

~ Morale. One of the main chancuriouc. ot‘ the SAGE systen is
hological isolation of the operators. Almost all interpersonal rela-

tions. mt be conducted by & telephone or via the computer. Added to this is
the fect that in order to perform adequately at the speeds required, it is



necessary to divide the various tasks into small units. These two factors com-
bine to prevent the individual operator from gaining en over-all picture of hov
the system operates and, more importantly, how the fungtions he performs con-
tribute to the aystem mission. Consequently, it 4s difficult for crew personnel
to maintain at a high level the motivation required to perform the complex oper-
e.tions involved. )

Another problem in the area of motivation and morale involves the u-urpation by
the computer of many of the functions whiech have previously beén considered the
particular province o6f the human. There is a general feeling among all system
personnel that they are not in to:ch with the real envirommént and can only get
information concesning this enviromment by means of a complex gadget which they
do not completely understand and which, to some extent, they regard with some
degree of fear. In addition to this, there: is the feeling of loss of control
over the enviroament. Most of the . decisions they meke must be implemented
through the computer which is set up to mpliry, and in some cases modify, the
results of these.decisions.

Knm ge of Results. System tz-aining, 1ike all other roml of training, re-
quires -the proviuon of adequate knovledge of results: The requirements for
fed back information differ for various pecple in the system and for the team
a8 & whole. B8ince these requirements change as a function of the threat situ-
ation and the developing proficiency of the crew, the problem of providing ede-
quate knovledge of results resolves itself into a problem of selecting approp-
riate information at the right time. Tooc much information may be as bad as
none &t all. In providing knovledge of results, the trainer must determine an-
svers to questions such as the following: How much information should be pro-
vided? When should it be provided? How should it be collected and displayed?
How should it relate to the needs of the trainees as these change over time?

P ot Re%tn. In Systam Training Program exercises,
nformation t the similated air threat with which the

lyntom vas faced u\d & description of how the system performed in meeting the
threat. This information is provided to the crew for dedriefing. In the de-
briefing session the crev attempts to identify areas of ineflicient operation
and to produce solutions to the problems thus identified. These solutions,
vhich usually consist of modified operating procedures, are then tried out in

& later exercise and may be adopted as command-vide gtandard operating procedure.

¥ % ystem Training Program ie not iLmmedi-
' oonoe ‘with problams of peuonnol seleotion. These are handled in
sccordan« with Mr Force policy. The system must operate with the perscanel
with vhich it is provided, and the training program must do the sane. Hov-
ever, of vital concern are the training problems introduced by personnel turn-
over. One of the goals of training is to produce a well-integrated, smoothly
functioning tesm in vhich the individual tean members work well together.
Constant turnover of personnel mitigates against this and reduces the efficiency
of the system as a whole. One of the requirements of a system treining program
1s to develop techniques which will reduce the deleterious effects of personnel
turnover.

These, driefly, are scme of the system training problem areas wve have identi-
f1ed4. Now let me descride hov a system training exercise is conducted so that



you might have a greater appreciation of how the training techniques which
the following speekers vill discuss fit in. All gystem training exercises
are conducted at field operational sites. The exercises usually last about
two hours exclusive of the debriefing. Team personnel are exercised in their
operating positions using all the equifment which they would normally use in
real operations. The threat situation is developed in comsultation with Alr
Porce operations and training officers cond is presented to the crew by means
of normal operational input equipment. Although the inputs to the system sim-
ulate a real air situstion, it is Aifficult for system personnel to distin-
guish between the simulated and real inputs. Except for the fact that systen
personnel know that the eir situation is part of a training exercise, they
are required to perform exactly as they would in the case of a real air threat.
System training exercises have been desighed for functional units of the SAGE
system of various sizes from the single Direction Center to the entire natione
vide network operating simultaneously.

During the exercise performance data are collécted for the provi rision of know=
ledge of results. Since all of the inputs ere designed beforehand, the trainer
has complete knowledge end control of the stimulus. After the exercise, crew
perscnnel meet together for a debriefing session in which the exercise is dis-
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To the outsider, one of the most impressive aspects of system training is the
extent to which the enviromment of the system has been simulated. We not only
simulate a coordinated dynamic air picture, we also simulate information con-
cerning this air picture from the Federal Aviation Agency, adjacent military
units, higher hesdquarters, and intelligence sources. Murthermore, we u-uhto
air bases, fighters in the air, and even weather, at times. All in all, we

try to sizmulate all sources of information which might reasonably affect the

performence of the unit being trained. Often one of the first questions asked

is:

"Why do you simulate? Why not use 'live' imputs and 'live' airoraft?” Our

experience has yielded the folloving answers:

1.

3

The first reason for simulation is in order to practice rare events. The
Alr Defense System Training Progrem is intended to help the Air Defense
Bntn propcro to defeat the airborne aspects of an attack on this country.
6 event will never occur. If it does occur, the system's per-

formance vill have to be peiiect the first time or it will be too late to
use the real event as a basis for training. Therefore, the only way the

an practice is with a simulated air gttack. Although this reason
2y Sees uniqm to the Defense System, it 1s fair tO say that any systea
may be required to handle situations which occur infrequently in real
experience. By simulation, the system caa practice doq.:lu vith the rave
events and theredy leain to handle them.

Another reason for simulation is its relatively lov cost. In order to
traln & system it is pecessary to repeat the situstion to be learned many
times. If the task to be learned is lsunching a missile, each real launch-
ing usually costs one missile and repetition for training cen become expen-
sive. On the other hand; although the cost of a missile simmlator might
be several times as much as the missile, the simmlator's cost can be
pro-reted over s large number of simulated lsunchings. Thus, the over-
all cost of training b:' simulation can be considerably less then training
with thé "real thing." 1In STP we use films, magnetic tapes and soripts

4in place of live aircraft. We are, therefore, able to repeat the seme

simulated attack as often &s desired for training purposes at far less
than the cost of dnpncatiu the training by real airoraft.

A third reeson for simulation is the fact that the input to the system
being trained cen bde controlled by the training specialist. REe can vary
a simulated input from exsrcise to exercise according to his training
strategy. In ordsr for learning to ocour, & problem situation must de
created. The orev being treined must find itself unable to perfora as

" well a8 1t desires in some situation. For example, the air surveillance

section of an air dsfense unit can be forced to perform in such a situation
by simply imcreasing the amount of penetrating air traffic. It is re-
latively easy to produce such heavy traffic lcads in STP exercises vheress
vu'nblo can hardly dé controlled at all u real life.

This principle of controlling the input to produce & learning situation

‘cad be extended vith simulation techniques to parts of the system mot in

contact with the outside world. Thus selective training can bde provided
for subsystems while they are operating in the coatext of the total system.
One example of this in the Air Defense System would be training exercises



designed to émphasize training of the Identification Section. This dec-
tion has the task of correctly associating tracks representing aircraft
in the air and eir movements data which arethe intended flight paths pro-
vided by the aircraft operators. To plece the Identification Section in
a problem situation, the training specialist must increase the number of
tracks to be correlated and increase the number of items of air movements
data. This can be accomplished in STP by simply providing the Air Sur-
veillance Section with scripts so that it can process perfectly an STP
exercise with a lot of penetrating traffic. Since penetrating traffic
must be correlated with air movements data, the Identification Section
18 nov faced with a tesk as hard as it cah ever be expected to perform.
If the section cannot immediately adjust to the load it now has reason
for learning -and an opportunity to observe its progress independently from
that of the Air Surveillance Section. As you can tell from the amount of
time I have sperit on this point; control of the input 1s perhaps the most
important reason for simulation in a training program.

k. Another reagon for similation is that when simulation techniques are used,
& very precise knowledge of the input to the system is available to the
training specialist. This precise knowledge of the input is fundamental
to hia ability te provide accurate knovledge of results. Thc mpor'tance

Given these purposes for simulating, the next question is: "How realistic
must this simulation be?" In our experience ve have provided simulated inputs
vhich have ranged from extremely crude scripts to a Yery precise duplication
of the real thing. Prior to our experience with the Air Defense System, the
ansver vas: 'Simulation should be adequate for training." This answver gener-
sted the following corollsry: "The more realistic, the more adequate." This
particular point of view seems to be cheracteristic of the trainees and their
supervisors during the early stages of crew development vhere any slight dev-
iation from realism will be used as an excuse for avoiding real problems end
real issues vhich the crew must solve before it can develop. On the other
hand, our training specialists in the field have come to the position that
each:case of simulation must be considered on its own merits and in relation to
whlt its training objectives are. Therefore, the question mist be restated as:
"How is this proposed method of simuletion going to help trein whom to do what?”
It has been our experience in the laboratory that this latter approach is cor-
rect and the corollary mentioned above is not necessarily so. A general rule
of thupd ve have used is, "The simulation should be realistic enough so that
the people involved in the system being trained are required to perform similar
functions, similar responses, and undergo mutual interactions similar to those
required in real operations.” Like all rules, this one has its exceptions,
particularly vhere more realism is required for motivation or evaluation. The
exact d.?u of realism still remains a professional Jjudgment. In other words,
"realism’ is not the answer, or reaclly even the question. The problem is,
"What 1s Dest to accomplish the needed trainingt” This problem can best be
solved by the wise judgment of an experienced worcuionn.l tuining specialist.

Several gmro.l principles regarding similation have arisen from our experience.
m thnu are:

1. Botoro underteking to provida simlation mquate for training, it is nec-
essury to acquire s thorough knovledge of the system to be trained. We
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must know who does what before wve can decide which simulation method is
best. Preferably, the system should be studied in operation. If this is
not possible, its plans must be intensively analyzed, their consequences
predicted as far as possible, and, if timeé is available, & "breadboard”
mock-up of the system should be built and placed in operation in & labor-
atory before the final simulation method, materials, etc.; are produced.

Ap accurate RnWIedge of the events being simulated 1s ﬁmdamental to any
written or pictorial materials describing these events. In system traine
ing, we have found it desirable to provide the personnel responsible for
collecting data for knowledge of results with charts showing the "true"
air picture every five minutes. - This precise kncwledge of the input is
designed to help these people determine what, if anything, is going wrong
at any given time. - Inaccuracies. in such printed descriptions create er-
roneous knowledge of results. These errors are used by the trainees to
avpid being trained Just a8 .lack of realism is used in early stages of

| crev development.

~ When egencies interacting with the system by means of people are béing sim-

ulated, the. people muat be simulated accurately. In ur case, interceptor
pilots, Air Route Traffic Control Center personnel, afr base personnel,
etc., must be accuratély simulated because .person-to-person interaction,
eapeci,a.lly the kind. of tagk oriented pacing that takes place over telephone
or redio commnications, is alweys critical to the performance of the
member of the system being trained.. Improper simulation of these kinds of
interactions can.lead to avoidance of training.but more importantly, it
cen lead to harmful effects such as the use of improper radio-telephone
procedure, habitual failure to request importent information because the
simlator volunteers it, and failure to check information because the sim-

" ulator is always correct. Finally, improper simulation of persomel inter-

.

L

actions. can most reedily lesd to & poor attitude toward training such as,
"So what, it's only a gam'"

On thn other hn.nd, it is pouible to cu.rry a.ccurate s:l.mulation too tar.

In our case, it was found rather easy to develop an elaborate table of kill
probabilities. These probebilities could be made to take account of all
sorts of possible events in the conduct of an intercept after the pilot
had been instructed to splash the hostile target. The resulting simula-
tion tebles could be calculated to three decimal points. It is obvious
that this; degree of eccuracy. is quite irrelevant if, in the course of a
training miuion, any one intercept director hes less than ten intercepts
to be evaluated. -In other words, by virtue of other aspects of the train-
1335 progrem, the three decimal places and a good deal of the rest of the
lophietication of the kill probadbility tables was vasted since it 4id not
make .any differsnce to snyope being trained. . In fact, since it so often
resulted in an :I.ntercoyt director boing told that an othervise perfect in-
t:l.va.tion has challensed the ‘whole notion of & kill proba.bility ‘table.
Professional judgment has ylelded a simplified simulation where the con-
duct of the intercept is evaluated up to the firing pass and a few numbers
vritten on another aid are used as a crude kill probability tadble to ac-
count for the final outcome. Thus, the rest of the system has a realistic
outcome fed back into it and the intercept directors are not penalized for
events beyond their control.
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Flexibility 1is another key prinéiple of simulation, if simulation is to con-
tribute eppropriately to a training program. Just as training needs will
vary from day to day, crew to crew, subsystem to subsystem, the simulation
techniques must be permitted to co-vary or they will fail to achieve their
goal of training. This approach leads to a proposition which is true in
general, but, of course, has some exceptions, to wit: "If the simulation
task is repetitious and requires precision, try to get a machine to do it;

in all other cases a person is prefersdble becausé his procedures can be
changed overnight." A strict application of this primciple will often lead
to the apparently absurd situation vhere there are more pecple on thé simu-
lation team than on the operations unit being trained. This ancmaly, however,
appears to be one of those "facts of life" which might as well be accepted.
We have found that premature automation of simulation in an attempt to reduce
the number of simulation personnel has been one of the prime sources of
difficulty in our training program.

In sumnary, let me state the principle facts we have leéarned concerning the contri-
bution of similation techniques:to a training program:

1.

2.

5.

6.

Simulation 1s needed in order to provide a system with practice in handling
events which occur infrequently during cperations.

It is relatively inexpensive because its initial cost cen be pro-rated over
& nunber of repetitions.

Most importent of all, eimulation provides the training specialist with
control of the input to the system 86 that he can easily implement a training
strategy of his choosing.

The question of realisnm is really irrelevant. The proper ériterion of
simulation is a professional judgment of how effectively it enables a
training goal to be achieved by a specific system, subsystem, or component.

Before any simulation is attempted it is necessary to know thoroughly the
systenm to be trained.

Inaccurate simulation aids, materials, and techniques usually defeat the
purpou of treining by providing the arew with an excuse for avoiding its
own problems.

Too sophisticated simulation can Qistract a orev from facing real issues.
Instead they mey spend their time questioning the facts underlying the
simulation. Professional Jjuigment 1s required to set the proper level of
scphistication for training purposes.

Finally, simulation must bde flexible if it is to contridute to a training
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A8 you must have noticed., we have developed a private language for talking about
this program. Three words that we use quite frequently are: TORing, feedback,
and debriefing. Thése are names we have given to training techniques which ple.y
a central rolé in the program. The techniques will be explained; described, and
then digcéussed briefly.

TOR, T, 0, R, - is an abbreviation for "Training Operations Report." This phase
denotes the specific information gathered by observers on the crew's performance
during the training exercise.

Why gather such information?

Knowledge of results or, to phrase it more accurately, knowledge of the discrepancy
between vhat was actually accomplished and what should have been accomplished, is;

in the opinion of most training experts, a necessary c¢ondition for effective training.
Most training programs are so set up that such knowledge 18 fed back to the trainee
a8 soon as possible. Production line operators need similar information in order

to be able to evaluate their performance rationally to know how to improve upon it.
Unfortunately, in complex man-machine systems, the operator often finds it difficult,
if not impossidble; to get accurate objective knowledge on the résults of his perform-
ance. In addition, with the exception of major breakdowns or serious errors which
stand out for all to see, knowledge of the total system performance is also at best
quite global and non-specific. Hence, information which can serve as the basis

upon which the crew can rationally decide what steps it should take to improve

its performance is generally lacking or inadequate. The TOR attempts to supply

the necessary information. ,

How do we TOR, and what is TORed?

This varies with the system. As you already know, we have had experience in
training two types of systems: The manual air defense system and SAGE. The
former, the mgnual system, i{s the familiar radar site which is manned by small
crews of twelve to fifteen persons who function in ¢lose intersction. The latter,
the SAGE system, is radically different. It is highly ccuputerized and automa-
tized and 1s manned by crews of up to 100 persons. In addition, since the SAGE
crev 18 located in several large rooms, much of the interaction between the
merbers is mediated by the computer and/or telephones. Thei'erore, although the
basic principles underlying TORing are the same for both these systems, we have
found it necessary to iatroduce many changes in specifics vhen we boggn to train
the SAGE systenm.

Here too, as in almost every other aspect of the training program, experience
hammered home a simple basic fact. No matter how correct training principles

and the training design generated by them are, they cannot be applied simply to

& specific situation. A gep will always exist between the principles and prac-
tice. It is the job of the professionals in the field who implement the program
to £il11 this gap. In other words, the professional in the field does not passively
implement the training program but creatively applies it to fit the specific copdi-
tions of the crews to be trained in light of the problems confronting them. He is
continuously called upon to make judgments based upon his professional skills in
analysis and prognosis. This point may seem cbvious and you may wonder why mention
it at all, let alone stress it. Nevertheless it is quite swrprising to f£ind that
all too frequently, this phase of "application" is overlocked either completely

or in part.
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To return to how we TORed. TORing is rather simple in the manual system. The
‘TOR teem which collects information on the c¢rew's performance consists of two
or three persons, generally an experienced non-comiigsioned officer with one or
more alrmen who are not néecessarily experienced. They sit in full view of the
plotting board which serves as the central memory for the system. By observing
it the TOR team can see how the crew processed each inputted flight and when
eéach atep took place. In addition, the TOR team has special aids showing the
flight paths of the plenned critical flights that the site has to process in

& known manner to achieve en efficient air defense. At the end of the exercise
the TOR team has a record of how the crew processed the eritical flights and
relates this processing to the actual simulated input.

In SAGE a major difference in TORing is the fact that information gethering on
crev performance is automatized, i.e., the computer mainteins a record of the
erew aections which it can print out at the end of the exercigse:. This information
is detailed and quite long since, commensurate with the increased size of the
erev and increased efficiency of the processing syatem, ‘the. number of critical
flights processed by the SAGE sector is quite large. The information available
from the print-outs is consequently much too detailed for immediate feedback to
the crew. Too much information feedback gives indigestion.

The TOR team for SAGE comprises senior experienced personnel who are recognized
by all as being experts in the systen. Their job is two-fold. During the
-exercise they sit among the crew and act as trouble shooters, noting down that
which they consider important to feed bdack to the crew. After the exercise they
.can also examine the printouts and cull from them objective information which
they consid.er mportant. 'me 1nromtion that is guthered end selected by the

Becg.uge of lack of time 1t is impossible to go into deteils on the difficulties
which we ran into in setting up the SAGE program despite our explicit planning
to anticipate the new environment. Suffice it to sey that: (a) The origimal
plenning left something to be desired, and (b) Dbecause both the training per-
sonneél and the crews came to SAGE from the manual systen, they carried over with
;them numerous habitual ways of doing things that were inappropriate to SACE.
We.had quite & lot of trou'ble at the outset. This is being ironed out with
mqpericnco.

Fudbwk, as we use it, refers to the technique whereby knowledge of results
is imparted to the crew. One principle underlies feedback -- it has to de an
objective account of factual performance and, by implicetfon, it must bde accu-
rate. According to this view, the feedback of inaccurate information ie worse
than no formal presentation.of knowledge of results. The nature of the infor-
-mation fed dack does much to determine whether the subsequent dedriefing will
be a good one, that is, will bde task and problem solving oriented, or will de
a uttinc vhere & lot of steam is let off to no consequence.

Why this ltrou on "objectivity" and "rsctuality“‘z

ortcn porcoivod o8 persom.l criticim. 'I'hil cvoku Mennive behavior which
hinders the individuals concerned from facing reality and generates instead a
quest for scapegoats, rationalizations, and often counter attacks. On the
other hand, our culture has & very healthy respect for facts with which one



is not supposed to argue. If the crew is convinced that they are confronted
with facts;, it becomes difficult £or them to avoid facing the issue and it
becomes easier for the debriefing leader to counter-act defénsive behavior
which is apt to occur.

Formal organized TORing and feedback are dut steps that lead to debriefing.

In fact, under certain conditions they are not necessary since crews can them-
sélves present the necessary information. The debriéfing is the setting and .
the vehicle wherein and whereby the most effective crev training takes place.
As such, debriefing could be a subject for a symposium as long as this. one in
its own right. Within the limitations of the present symposium the most I can
hope for is to present a bare skeleton outline of what should be richly dis-
euiiéd in 1tself.

A "so«l" d.ebrieﬁns vas just characterized as being task and problenm solving
oriented. In the discussion, the individual crew members should not be evalu=
ated, but system performance and crew procedures should. Proposed procédures
aimed &t improving system performance should not be imposed by fiat of even a
large majority. The debriefing leader should seé to it that all individuals
affected by a given problem should have their say in discussing it. The solu-
tion to be reached should be one that all involved are willing to try out.

Debriefing ic uther simple in the manual system. Immediately after the exercise,
the crev meets in a special room or area set aside for the purpose. The TOR is
presented to them in & straightforwvard manner. Instances of poor performance
are identified and a Adiscussion is developed to determine what caused the poor
performance and vhat sbteps can be taken to see that it dcesn't happen again.
Th'a orev members are also encouraged to rdise additionsl problems concerning

the system cperations which they want discussed. One member of the crew keeps
& "dedriefing 10g" in which sll the problems discussed and the decisions taken
concqrning them are recorded. At the end of the moting the log is read dback .
to the. crew.

Ve have mt with m.nv difficulties in implementing debriefings in the SAGE
aystem and, at present, we are still struggling with the matter. Some of the
main causes -for this are: the large size of the SAGE crew; the lack of adequate
debriefing.space; the complexity of SAGE performance vhich makes it difficult to
give knawlodn of results that is relevant to al)l the crew members; and a marked
decrease in the interdependsnce of the crew members because of the cmm'l
mediation of much of their interaction. These &ifficulties seem to bDe technical
and have not led us to doudbt the basic utility of debriefing as & training tech-
niquc However, we now know that debriefing is much more difficult to apply to
some man-machine systems than to others, especially vhen these systems are
designed without training considersticns being: takon into mount., :

The wpeﬁl of a progran vith "good" dsbriefings are w Below are a list of
six of tho more obvious ones:

1. m g uality of tho uolutiou found to problems ronting the crew is superior.

In these matters, more brains representing a greater area of collective experi-
ence, is better than less brains. The fact that all those vho will be effected
by the proposed solution are given & chance to have their say concerning it,
at least guarantees that it will not contain the usual number of "bugs" that



2.

5.

6.

.’.12-’.

stem from unique contingent conditions which experts have no way of knowing.
For instance; the absence of a prescribed commmication channel cannot be
known by the expert but is certainly known by the operator who mans the
position. He will, therefore, see to it that no proposed solution is based
6n this ‘néna‘exi'sting telephone channel.

The quality of solution implement Thia for two reasons.

Men understand a procedure Tar better if t",ey Alscuss and analyze it than
vhen it is handed to them in a written memorandum no matter how precisely
phrased. What men understand better they can implement better. In addition,
men are more highly motivated to implement a procedure which was formulated
vith their active partiecipation.

Early rectification of many problems before they become critical. This
occurs both overtly and covertly. Because of the atmosphere in a "good"
debriefing, men often ralse problems which in more formal circumstances
they would hesitate to mention. And this, in turn, can play the role of
the stitch in time which saves nine. In addition, the debriefing often
has, willy-nilly, a "therapeutic effect". The mere fact of discussing
operational problems with other crew menmbers also tends to use a clinical
term, to "work through" problems in interpersonal relations that exist
among the crew members before overt conflicts develop. And, last but not
least, a procedural solution reached by discussion will frequently include
in a sort of piggy-back manner, solutions to various other minor problems
that are irritating the crew.

A series of debriefings is an ~je§£c§ll,en§ educative setting where the crew
era et Yo know & lot about’t‘ stem in general. In “discussions
Tct vhich perfain to pr proposal and . ustiricaﬁ,on of system operating procedures
a lot of information concerning the overall nature of the system is elicited.
Since the crewv members are involved in the discussion, they tend to remember
the information. Increased knowledge of a system by the operators of a
systen 1s always a worthwhile thing.

overall morale of the crew improves. A grouwp of men who successfully
Work together and solve problems together get to know each other relatively
intimately. This results in a development of an esprit de corp, an increase
1z group cohesiveness. It follows that the overall morale will rise. Con-
cenimt with this development, thcre is an 1ncrm1n3 canpa.tibility of
thnt tho oyltem was designed to prcceu 'becems important R per se, » o the
crev both as a group and s individuals.

And finally, there emerges: ~
red to cope with unexpected

here on TORING, feedb rience
in implementing the Systm ‘I‘rain:lng Progran end in experimtation both in
a laboratory and under field conditions.
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"PROBLEMS OF CONDUCTING SYSTEM TRAINING IN A MILITARY CULTURE"
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Preceding pepers have indicated the nature of the System Training Program (STP),
problems relative to éimulation, and some of the major concepts relatéd to the
uge of knowledge of results in debriefings. The present paper will discuss
three of the major problems arising from the conduct of a program of this nature
in the militery. The system training program was designed to be operated by
personnel of the Air Defense Conmand afteér orientation by the staff at SBC.
Originally the SDC representative at each military headquarters advised the
Commander and performed a liaison function. At present the field training team
is much nore ective in the conduct of the STP.

Scme of the problems we found are unique to STP while others will be found
vherever there are conditions similar to those with which we work. Major
problem areas which might be mentioned include those due to (1) introducing
new procedures into a culture, (2) utilizing military perscnnel as training
personnel, and (3) aspects of the military culture antagonistic to new training
procedures. I will present these in that order.

As an exsmple of problems arising fram introducing new training procedures

which conflict with goals and activities already present, let us discuss the
debriefing aspect of the system training program. The debriefing, &s we know

it, with an entire crew participating in group problem solving, is foreign to
military culture in many respects. Many, particularly the lower echelon officers
who became the debriefing leaders, perceived the debriefing situation as an sbro-
gation of responsibility--a situation in which the responsible officer relinguished
his leadership function to persons of lower rank. STP does NOT ask the responsible
officer to step aside only to utilize resources of the entire crew. However, this
erroneous perception created special problems for the training persomnel.

In addition, officers willing to teke the special kind of leadership role often
could not do 80 because of personal considerations or other demands upon their
time which led to conflict of interest. In order to institute the most effective
debriefings, the part of STP most at variance with the military culture, it was
necessary that certain aspects of the military culture become altered.

Frequently institutions attempt to force a change by the issuance of directives.
While regulations and directives are necessary to describe changes and to estebd-
lish permission to adopt new procedures, they are not sufficient. Even vhen the
directed person is willing, compliance to a regulation may be impossible if
other conditions are not conducive to the changes. As Levin has indicated, one
cennot change one aspect of a culture without bringing about concurrent changes
in related aspects.

We find that adoption of debriefing proceeds best when two general conditions
exist:

1. Firet, visidle evidence of command support must promote good STP. Whenever
the Commanding Officer desires something, military personnel attempt to
comply. This is the place for directives indicating what should be accom-
plished. But beyond this we need other evidence of support. Active and
continuing interest in the program seem to be accompanied by interest and
activity by operating personnel.
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2. Second, the organization of station activities must permit compliance.
This; in & sense, requires a modification of the culture of the orgeni-
zation. Often debriefings are degraded by other activities which compete
for time. For instance, & schedule of exercises near the end of a shift
causes conflict between cleanup duties or chow time on the one hand and
debriefings on the other. Other tasks interfere with S8TP; for example, a
coincident live mission may cause cancellation of all or part of the train=
ing mission--most often the debriefing suffers as it is under the control
of the local officer, particularly the debriefing leader who determines
its length and its content.

The point I wish to make here is that whén personnel perceive a specific aspect
of & program or the entire special program such as STP as in conflict with the
culture or with the on-going activities, the program usually is degraded. We
£ind some of the best debriefing practices at installations where the training
person finds a commander who 1§ receptive to this aspect of the program.
Activities are modified to support it. In these places debriefings are held
in spaceés éspecially set aside for them with plenty of time allcowed free of
operational duties.

Another aspect ¢ oromoting desired debriefing behavior is, of course, the
training of the leeder. This training must deal with his attitudes; his percep-
tions of the progrem, and his skill. He must come to see that the debriefing is
a tool for fulfilling his responsibilities to improve performance of his crew.
Once he sees the task in this way, becomes convinced of command support, and has
time to do a good job, the training task becomes much more simple.

The second problem ares relates to utilizing military personiiel as trainers.

By way of introduction I will discuss the adequacy of SOP's as means of regu=
lating performance. 'I'hroushout the military, Standard Operating Procedures

are formulated for the purpose of implementing directives. These SOP's attempt
t0 prescribe the ways to process information or to exécute other tasks. We
£ind that different procedures often become effected whenever the Standard
Operating Procedure is not adequate for local implementation, when the local
personnel are unsble or unwilling to execute them, or when the J0P is not under-
stood. When the SOP is worded explicitly and stated in terms of actual oper-
ations, less formulation of special local procedures occurs. For example,
individuals adjust to overload in a variety of ways such as combining catagorieo,
filtering, and reassigning priorities to tasks. Unless the permissidle adjust-
ments are made known and the contingent conditions for their implementation are
specified, each person will filter or combine on the basis of his own perception
of the task. People also take short-cuts in tesk performance; unless these are .
known to others, system performance may break dovn because each one is, in
effect, working by his own rules. As indicated in an earlier paper, debriefings
provide an opportunity for these local procedures to bYe formulated and for an
exchange of information about personal cperating procedures. In spite of this
opportunity, we find conflicts resulting from unexpected behavior, omiseions,

or non-congruence between behaviors of different persons.

The preceding paragraph has mplica.tiona for the conduct of a truninc progran.

mation but men do much of it. Furthemore, in STP thd training perlennel pro-
cess input and performance data. Thus, in addition to the system being trained



(called the operating system), we have the system doing the training (called
the training system). The same problems of obtaining conformance to regulations
found in the operating system are present in the training system.

The S0P's of the training system must be at least as detailed and as carefully
formulated as those for the operating system. True, scme areas of training
require flexibility and simulator response to the developing situation. However,
other tasks cennot permit this. When machines make the routine inputs, the prob-
lem of exactness lies in computer programming. But when pecple must handle the
inputs or data collection, unigue personal operating procedures cannot be allowed
except in very minor matters which don't make any difference in the timing or the
nature of the input.

.
v
»

In short, vhen a training program is being planned, aevery bit as much attention
should be given to the procedures of the personnel in the training system as to
the procedures of the operating system, or to the mechanics of simulation.
Essential aspects cf this part of the progran include specification of desired
inputs, determination of allowable deviations, formulation of training SOP's,
training of the training crew, end monitoring of its work.

The third problem arises from the fact that cértein aspects of the military
culture are antagonistic to the training program, be it STP or scme other.

One of the prime scurces of difficulty lies in the turnover of perscnnel in
the services. In some radar crews 50 per cent of the mexbers will have been
replaced within a yeer. We probably should consider a crev, not as a team of
specific men working together in a co-ordinated fashion, but as an organization
with a slowly changing culture of its own. .

When turnover occurs the new man does not know those unique procedures of the
crev to vwhick he is essigned. The replacement may be Just out of basic training
and thus relatively naive, or he may have transferred from enother station bring-
ing with him a culture somewhat alien to that which he now contacts. In either
case, each transfer requires a périod of orientation and initiation.

When a number of crewmen work together for a time a great deal of "sccial
learning" occurs. As a result, a stadble crev may have less need for formal
S0P's than a newly formed crew or one vhich suffers frequent insult to its
integrity. The crewmen learn esch other's idiosyncracies and can agcoumodate

or compensate. In a nuaber of field and leboratory situations we have noticed

a progression in crew development from concern with one's own proccdurn through
an interest in understanding other men's actions, to trying to modify the others'
procedures and then to the point where the men help each other by sharing the
load. Presunadbly with constant turnover, the higher levels of performance would
not be ettained.

We had noticed that operating crews in the field seldom exceeded a certain level
of performance, regardless of the length of the training pericd. Onm the other
hand, vhen men were assigned to our simulation laboratory which duplicated a
radar station, they learned to work as a crew and functioned at fairly high
levels of performance after only a few weeks of training. We believed that one
cause of the disparity lies in the differences in turnover. Consequently, a
series of laboratory studies, utilizing an analogous task, was instituted to
exemine this hrpotheaie, and to explore the factorl contributing to the phoncm-

tv.rnwer should they be identified.



In the first experiment, members of a crew trained together so that all mexmbers
posséssed equal experience. Persons experienced on another crew then system-
atically replaced original crew members. The performance improvement curve
flattened out when compared to the performance of & crév not turned over.

In & second experiment, crews composed of members with a range or experience
wére replaced by green or untrained pecple. In this case we found a decrement
in performance.

Further analysis of the data with respect to the system employed pinpointed
some of the causes. '"Greenness' or inexperience per se was confounded with
position on the crew. In this system scme pairs of men worked face to face
and commmniceation betwéen them was limited; thesé men did not pace one another.
Men in another group of positions communicated over the telephone and in each
pair one person paced the other by passing information. The bulk of the de-
grading effect of turnover was observed in those cases in vhich écmmunication
was by telephone, with one person pacing the other.

Other effects were observed with increase in tbe prcportion of men replaced.

In the debriefings, evidence of group cochesiveness was seen. Apperently
introduction of only one man to this crew of seven did not affect the cohesion.
But when three or more members of the crew were replaced, cohesiveness seemed
to deteriorate and sub-groupings occurred--there seemed to be & breakdown into
new versus old men with respect to edvocacy of procedures.

Several suggestions for dealing wath this matter of turnover come to mind. The
most obvious would be reduction of turnover. One method might be the organi-
zation of crews of men who entered traihing at the same time, trained together,
and transferred or discharged as a group. This has been attempted in some of
the services, I understand.

A commender could minimize transfer among crews on his station--it might be
better for a crew to be shorthanded then to get a temporary replacement from
another crew. When replacements are necessary they might be assigned at first
to Jobs having less effect upon the work of others.

Designing training programs specificelly to counteract the effects of turnover
also seems to be & rather obvious solution. Frequently we have seen the effec-
tiveness of STP in bringing '"green' men up to levels of performance which permit
them to function well as crew members. One tra.ining proccdure tried in the
oriented. feed’back. That ia, in awtion to giving data. rega.rd‘lns tctal pcrrom-
ance to the crew, the new man was supplied with information relative to the
difficulties he appeared to be having. this change in feedback procedures led
to marked improvement.

I have discussed three problems of conducting system training in a military
culture. I submit that they will be with us for some time. On the other hand,
I believe that these difficulties need not necessarily weeken a training program.
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Let me first review the model of the system training program to seé what are its
probable strengths and weaknesses. This model was developed for a manual date
Processing system. Next, let me review some of the lessons we have learned in
its initial application to a semi-automated date processing system, namely,
SAGE. Then, I will discuss some of the problems which confront humans in the
SAGE environment. Finally, I will suggest a strategy for developing training
for the problems of future systems.

You will recall that the STP model consists of basically four parts. First,
there is the simulation of inputs and portions of the environment. Second,
there 1s the system operation in the context df the similated inmputs. Third,
performance results relating to the effectiveness of the system and certain
other specific kinds of performance are reported to personnel in thé system.
Finally, there is the debriefing where several or all persons in the system
meet to discuss the results, identify problems, and devise solutions.

What are the strengths and weakneésgses of the model? First, let us éxamine

three of its major assumptions. The first assuitption is tha.t many major traine
ing problems exist in and therefore should be remedied in a system context. This
has at least two advantages. First, to the extent that the behavioral inter-
actions are a part of the training prébiem 1t is important to devise solutions
vwhich take these interactions into acéount. This might be referred to as train-
ing in a system context. Second, it can be shown that changes in opérational
procedures or equipment in one part of a system often require changes in other
parts of the syatem. This is conceptually similar to the concept of change
discussed earlier by Dr. Jensen. The obvious disadvantages are that to crank
up a lyaten or a portion of & -ysten 13 both very expensive and runs the risk

A second assunption in this model is that the information reported in the feed-
back emphasizes task relevant behaviors. Hence, problems of motivation and
individual needs, vhich are importent in man-machine systems, arise indirectly
in this kind of a training context.

A third assumption is that this is a problem solving model and more specifically
a group problem solving model. Implicit in this is an emphasis on the responsi-
bility of individuals in a group to recognige problems and to contribute to the
solution of these problems. This is an advantage to the extent that it insures
the problems vhich are identified are the actual problems which the members of
the system have encountered. Alsc, vhere there is a necessity for 1ndividual
comxitment to action, a group problem solving model seems tO have some supe:
ority in this respect. An cbvious disadvantage is that it mey run contrary to
the norms of the culture in vhich the system is set. Specifically, the norms
etceﬂturcwbemhtmtmimumdouaotwnitormoniuproblm

for word from & h:l.cher level.

One way to test the generality of a training model is to evaluate its effective-
ness in the setting of a somevhat different type of date processing system. We
are beginning to accummlate some experience in this respect as we evaluate the
epplication of this model or variations of it in the SAGE system. You mey recall
that the SAGE system is a semi-automatic ground enviromment system which hes as
its center a high-speed digital computer. Operators can extract data, meke
decisions, and instruct the computer via manual interventions by means of
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associated consoles during the real time opération of data processing steps. It
is reasonable to assume that the SAGE system is similar in many respects to future
high speed data processing systems. While it is still too early for any very
thorough going évaluation of either this training model as applied to SAGE or gf
the fll range of treining problems encountered by cgews in a SAGE operation, I
believe we have encugh éxperience to make a few preliminary statements along

this line.

First, it is now recognized as highly desirable to allow & shake-down period for
the equipnent, computer programsé, and the various operational. procedures which
are required to run a system as complex as SAGE. I think this is analogous to
the debugging or deghosting phase which applies to any camplicated piece of
equipment in its early research and development stages. The initiation of
training programs with the expectation of solid training outecmes during this
shake-down period is probably unrealistic. This is not to say that certain
training or simulation procedures cannot be used as part of the shakedown. In
fact, the system treining simulation program has teen used as a major shakedown
vehicle. Any system which undergoes changes can benefit from such a simulated
shakedown vehicle.

Second, when the system training model is carried forward into a semi-automatic
data processing system, the scope and complexity of the training problems become
very large. The problems of treining the training system become intensified.
The number of persons required as simulators and cbservers increases greatly.
The computer programming effort for the development of data retrieval and
analysis programs for training purposes becomes a major activity. With this
comes the long lead times required for programming and equipment modification
to support the training prograim.

This leads directly into a third observation--namely, that there develops a
rigidity and complexity in the automatic storage and data processing component

of the training system. Training problems change as system proficiency changes.
There is a problem of providing enough adaptability or flexibility in the train-
ing program to provide the kinds of training which are needed at a particular
time or point in the development of & system. We are only now beginning to
learn how to put this kind of adaptebility into a complex training program, end
it is not at all clear yet that enough capability for change or adeptability can
be built into a semi-automated training program to Justify the resources and time
Tequired to develop this.

And a final observetion 1s that it loocks as though there is a hierarchy of
importance of training problems in a data processing system and that this
hierarchy changes as proficiency of the crew increases. From actual observa-
tion, both in the manual and SAGE systems, a change in hierarchy of training
problems like this seems to occur. This is a change from problems of working
with equipment in one's own position to problems of procedures and co-ordination
among various parts of a system.

Now, so far I have tried to contrast or compere some of the characteristics of

a system training model with the problems of making it work and with the kinds of
training problems it would meet in a semi-automated data processing system. We
are beginning to accummlate some cbservational data vhich is Qerived from a
slightly different point of view with respect to problems of humans in systems.
This is based upon actual experience in operating in most of the positions in a
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SAGE Direction Centér and in intensive operation of a perticular position in the
weapons section in a system context. Based upon this, we have identified six
problém areas faced by humans in this kind of a data processing systemn. These
areas are: (1) Individual positional skills; (2) Behavioral interactioms with
other humens in the system; (3) Awereness of effects of actions on efficiency
of system; (4) Motivation for task or goals of the system; (5) Complex decision
making in an automated date processing environment; and (6) Isolation and social
motivation.

Individual positional skills refer generally to the skills required to communicate
with the computer. These skills include those necessary to extract and interpret
information and those required to insert into thé coamputer instructions or actions
vhich the operator decides are appropriate in his data processing task. Typically,
a computer data processing system reads out, prints ocut, or displays information
to operators in coded or symbol form, hence the operator must learn to interpret
the codes or symbols very rapidly. There is a further problem in some systems
of many classes of information with the possibility of ambiguity, crowding;
overprinting, ete: This is particularly true if information is displayed on &
situation or geographic type display. Usually, instructions are inserted manually
into the computer by means of sequences of steps or switch actions. These must
be learned, and there is considerable motor skill in performing them correctly
both in sequency and timing with respect to computer cycling or frame time.
These skills might be thought of conceptually as the basic skills of a particular
position, because without them the operator is unable to commmnicate with the
camputer, which is the central locus of data processing in such a system.

Behavioral interactione with other humans in the system can ramify into & great
many types of problems. However, I will confine myself to the verbal communications
vhich are elicited or required by operators as they perform their data processing
task. One aspect of this problem is the sheer number of communications which can
converge upon certain positions in a data processing system. In fact certain key
positions in a system can become 86 overloaded cammunicetion wise that it is
impossidble for one individual to respond physically to all of the communication
attempts. In certain of these positions the operator is provided with an assist-
ant, referred to as a technician, wvhose responsibilities are to assist in scme

of the date extraction and menusl action insertions to the computer and to assist
in handling the coamminication load both to and from the positicn. It turns out
that this is a mixed blessing, because a new set of communication problems develop,
namely, the meshing of communications between the two cperators. It has bdeen
observed that with inappropriate signals and ineppropriate timing each can inter-
fere with the work of the other vhile attempting to make legitimate communications
to that person. I have seen & substantial amount of positicnal degradation intro-
duced because these two operators would communicate with each other at times that
interfered with some other tesk, or information would be passed to the othar with
the assumption that he had received it when in fact he was preoccupied with another
task and 4id not receive the information.

Awmreness of effects of actions on the efficiency of the system might be regarded
as the key cbjective of system training. To illustrate, I will give here only
one example which could be multiplied many times. In SAGE the Weapons Assignment
Officer must have at his disposal a number of kinds of infoyrmation to make effec-
tive decisions concerning commitment of weapons to targets. This information
must be timely, accurate, and complete. Some of this information is inserted
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vip manual card punching in a room which is physically separated and orgeniza-
.tionally remote from the Veapons Section of the center. The operators who must
.insert this information have many other classes of information t6 insert and
which are extremely important for various other tasks or fumnctions in the
system. I think it 1s too much to depend upon edministrative directives or

& policing system to see that the c¢rucial information is provided in en accurate
and timely manner. When an operator has several jobs to do at once he must
choose among them, that is, hé will have & subjective priority scheme from which
he will select those that he ocught to do first, second, etc. Often this means
some things don't get done because of over crowding. What is important here is
that the operator's priority hiersrchy conform as nearly as possible to - scme
hierarchy of importance which will render maximun system effectiveness. One

of the weys to do this is give him data pertaining to the consequences of his
actions or lack of actions upon ceértain crucial performance outputs. Because
.these decisions haeve to be made in relation to a large number of items and
through changing circumstances; it does not seem practical to depeénd solely
Apon rules or supervisory surveillance to accomplish this kind of performance.

I believe motivation regarding the task or goals of the system ‘will become an
inereasingly importent problem in more automated data processing systems. We
csunoct rely solely upoh 4 written or formal statement of the tesk or goal of
the system to serve as a motivating device. PFirst, because of increasing
speclalization and compartmentalization in these syotm, it bBecomes difficult
for an individual to place his particular task or job in a context which mskes
sense to him. Second, many of the data processing Jobs are not the most
.,e,x;citins; and vhen performed day in and day out and month in and month out
become in fact, routine and boring. I guess we don't have to belabor the point
that & highly skilled operator who regards his task as senseless can contribute
a8 much or greater degradation to system efficiency than will an unskilled or
Rew man or the malfunctioning of equipment within the system.

Complex decision making in a data processing environment is, I think, a very
fertile territory for research. Since these complex decisions are often the
most crucial outputs of data processing systems, we need to determine what
characteristics of a data processing environment permit the most effective
decision meking on the part of humans.

I have saved isolation and social motivation until last, decause I think the
last shall become first. I believe that in future systems these prodlems will
assume major proportions. It has alreedy been mentioned that automated systems
tend to compartmentalize operators into very small units. Conbined with this
is the degree of attention and lack of mobility which is required to operate
effectively in terms of inputs and cutputs with o computer. In addition there
mey be & sense of lack of control of the environment or, in other words, that
the computer is running things. All of these factors will moke social moti-
vation a more important problem in future systems. I believe we do not reslize
the extent to which we dspend upon the resctions of others to derive a sense
of social validation for what we are doing or the eppropriateness of this task
or thet goal. Also, there seem to be certain minimum conditions necessary for
social intersction. When these conditions are not met, humans will engage in
behaviors or sdjustuents to restore some minimum set of conditions for this
interacticn. Much of the so called non-task oriented dehavior in formel
orgenizations can de subsumed under this type of phencmencn.
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Well; haying outlined some of the kinds of prodblems vhich I can see, vbat can
be done sbout them? Some of thess problems can De remedied by system design.
This insludes human engineering and system design vhich takes into account the
full behavioral imteractions in system opersticn. Interestingly encugh, vhen
most quelified supervisors talk about skilled operstors in the SAGE System, the
limitations of the equipment or the ccmputer progras. To the extent that scme
etthnom limitations can be changed these problems oan be remedied by systems

When it comes to training, I believe the feeling is craving that no cne training
procedure alone is edequate for the highly complex and changing training needs
of data processing systems. Training should be designed to accomplish specific
training purposes. For scme purposes training should be small scale, that is,
not tieing wp major equirment or large porticns of a system. If part of the
problem involves dehavioral intersctions among parts of & system or among
individuals in the system, then this behavioral inmterasction should de included

a8 part of the training environment or training system. This suggests that in
some cases the system training model can be applied to & smaller portiocm of the
systeR, perhads the interactions among three or four operators or at least a

small portion of & system.

mt., limhuen, automated data couootion, ete. MO ppears to be an
inverse relationship between sacpe of mtn to de trained and rroqumy of
training periods. Adaptadility to changing training proble ) :

vith the medium or smell-scale training program. As system :mwun becomes
& more important prodlem in the develcpment of a particular system, large scale
training progrwms vill decome more important.
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PROBLEMS BNCOUNTERED IN DEVELOPING
AND MAINTAINING A FIELD SYSTEM
TRAINING PROGRAM.
Seientific rept.; SP-107, by
L. T. Alexander, J. D. Ford; Jr.,
B. T. Jensen, N. Jordan, M. S. Rogers.
18 September 1959, 21p.
Unclassified report

DESCRIPTORS: Training.

Compiles papers presented by each
author at a symposium of the 1959
Annual. meeting of the Human Factors

Society at the University of

California, Los Angeles. Papers

were concerned respectively with

1) requirements for a field system
training program; 2) the appropriate
contribution of simulation techniques

to system training; 3) man-machine
training techniques: Training Operations
Report (TOR) feedback and debriefing;

}) problems of conducting system training
in a military culture; and 5) the training
problems of future systems. '
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